lines are weak compared to the strong lines of the Uviarc spectrum. The scattered radiation when the monochromator is set at one of the stronger mercury lines is less than 1 percent. After the mirrors were realuminized the scattered radiation in the 2301A line was 5 percent and about 0.3 percent for the stronger mercury lines.
vantages are gained by the change in mirrors, but not to a sufficient degree that this alternative arrangement has proved useful. The original choice of dimensions has proved to be in many ways a fortuitous combination, the distortion being just at the threshold of decreasing resolution.
ANOTHER FREE-PRISM MONOCHROMATOR
For a free-surface prism the problems of distortion and odd beam angle can be largely met by resorting to three reflections. A single concave mirror serves as collimator and telescope in two separate reflections,
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and a front-surface piece of plate glass immersed slantwise in a tank of water acts as the third reflecting surface. This arrangement has been set up to test and is in many respects superior to the Harrison-type prism, although because of the three reflections it is not likely to be useful below 2400A. However, at higher wavelengths where aluminum is an efficient reflector the arrangement has the advantages of horizontal beam (and slits), a simple wavelength adjustment by tilting the underwater mirror, fixed beam direction and position, and increase of dispersion toward longer wavelength settings. Various combinations of aperture and resolution may be set up by adjustment of the two mirrors, and it has been possible to resolve bands of better than 10A half-width at 2800A. The only special parts required are a front-surfaced concave mirror such as amateur astronomers use and a front-surfaced piece of plate glass. The mirror used for trial of this arrangement is 10 inches in diameter and spherically figured to a 12-foot radius and cost about $100. The arrangement appears to be a simple and effective one for monochromatic work in the region of maximum nucleic acid absorption, around (Received January 13, 1953) The derived laws apply to layers whose scattering coefficient S and absorption coefficient K vary vertically to the surface of the layer. In the general case the differential equations of the preceding paper [P. Kubelka, J. Opt. Soc. Am. 38, 448 (1948) ] must be used; the coefficients, however, hitherto constant, now are functions of the distance x from the surface. In the practically important case in which K/S is constant, one may introduce the variable p, such that pfJozS(x)dx.
One reduces thereby the nonhomogeneous to the previously treated homogeneous case.
Transmittance T, 2 and reflectance R, 2 of two nonhomogeneous sheets can be calculated by the following equations:
TI, TIT2
R, 2 =Ri+T1R ically. The materials were assumed to be "homogeneous in this way that the optical inhomogeneities (necessarily existing when the light shall be scattered) are incom-parably smaller than the thickness of the specimen and uniformly distributed in the material." We now weaken this restriction, in so far as we shall deal with specimens varying as to the optical properties of their material from one surface to the other (the surfaces being-as assumed in the previous investigationsplane, parallel and infinitely extended). On the other hand, the optical properties may not vary along planes parallel to the surfaces. The incident light is supposed, once more, to be diffused and to remain unchanged in its angular and wavelength distribution by reflection or transmission. The medium in which the scattering material is embedded is again assumed to be the same as the medium of incidence (generally air).
This last assumption will be nearly realized, when we deal e.g. with dull paper or with dull waterpaints. If we assume the medium to be air, we may ignore reflection at the surface of the specimen. In a recent work, Stenius 3 determined the influence of surface reflection of paper with regard to the author's theory' 2 on homogeneous layers (which started from the same assumption). He came to the conclusion that surface reflections of dull paper are negligible. This fact also follows from earlier investigations of Steele 4 and Judd and his collaborators.
5

I. THE GENERAL CASE
The following system of differential equations has been derived in the previous papers", 2 for a homogeneous light-scattering material:
(i-flux of the diffused light traveling inside the specimen toward its unilluminated surface, at the distance x from this surface; jflux of the light traveling in the inverse direction; Scoefficient of scatter; K-coefficient of absorption.) These equations hold also for nonhomogeneous specimens. S and K, however, hitherto constant, become functions of x.
In the general case we introduce the functions S= S(x) and K= K(x). By integrating Eqs. (1) between x =0 and x = X (X thickness of the specimen), we may deduce equations for the transmittance T and the reflectance R of the specimen. It will, however, not often happen that the functions S=S(x) and K= K(x) are known. Therefore we shall limit our considerations to several special cases.
II. THE CASE K/S=CONSTANT
When a homogeneous scattering phase (e.g. cellulose) is nonuniformly dispersed in a colorless medium (e.g. air, in the case of paper), S and K are very often proportional to each other, so that K/S and (S+K)/S are constant, whereas S is variable. We may then introduce into Eqs. (1) the new variable p such that p= fJ S(x)dx, S(x)dx= dp.
We call p the scattering power of the layer x= 0 to x = x. The scattering power P of the whole specimen of thickness X is given by
The concept of "scattering power" has been introduced in the literature by Judd.
5 It is extended here so as to apply to nonhomogeneous layers. Hence it becomes particularly useful. The differential equations now read
These equations are not only now more easily integrated but also lead to the same formulas as did the original equations 1 in which S and K were constant. We may adopt all the formulas complied in the previous paper, 2 including the various approximations. We only have to exchange the special value of scattering power SX, which is valid for homogeneous specimens, by the general value, symbolized by the letter P. For instance 
a=-(S+K)/S, b (a2-1)1.
We may now introduce the content D(x) of the disperse phase per unit volume. S and K will be proportional to D if the disperse phase itself is homogeneous, as assumed. Consequently
Si,, being a constant which characterizes not the turbid material but the dispersed phase as to its ability to scatter light. When the medium is air, D is practically identical with the density of the concerned layer. So we find [Eq. (4) geneous specimen, for which P = SX. We measure only the thickness of the specimen by weight (as paper technologists usually do) and adapt the definition of S. Besides, this way of defining X and S has been anticipated by Steele 4 and by Judd 5 as far as they were applying the author's theory to paper.t
III. TWO NONHOMOGENEOUS SPECIMENS
Let us consider now two nonhomogeneous specimens of different optical properties and, perhaps, of different thickness. The character of the nonhomogeneity is of no importance. Within each specimen the functions S=S(x) and K=K(x) may be of any kind whatever, continuous or discontinuous. We remember that we are treating only the case in which surface reflections can be neglected. For example, we may consider the two specimens as nonhomogeneous sheets when each specimen is composed of several homogeneous sheets. Now we measure the transmittances T and T 2 and the reflectences R 1 and R 2 of both specimens in one direction (say, when the light passes from above to below) and we measure the transmittances TI, TI and the reflectances RI, RI, in the opposite direction. Then we place the two specimens together and illuminate specimen 1. What will be the values of transmittance T 2 and reflectance R 1 , 2 of the combined. specimen?
In Fig. 1 the path of the diffused light is symbolized by oblique beams. The light flux which hits sheet 1 is I= 1. Firstly the portion R is reflected by the first sheet and the portion T passes through and hits the second sheet which reflects the portion TR 2 and transmits the portion T 1 T 2 . The portion T 1 R 2 hits the lower side of the first sheet which transmits TR 2 T 1 and reflects the portion TjR 2 Ri; from this portion the amount T 1 R 2 RIT 2 passes through the second sheet and 
R112=Rl+
-
1-R1R2
Equations (11) 
When the light passes through the pair in the inverse direction, the same equation holds. We have only to alter the indices 
TII,I= TIITI/(1-R2R I ).
Dividing this equation by Eq. (8), we get
TII, TTri
V. THREE OR MORE NONHOMOGENEOUS SPECIMENS
After the manner of deriving Eq. (14), we may easily get an equation for the transmittance of three nonhomogeneous sheets
TT2,3= TT 2 , 3 /(1-RIR2, 3). (16) (13)
This means, transmittance of any nonhomogeneous specimen does not depend on the direction of illumination, in accordance with our statement. Now we shall show that we may invert the order of the sheets (which is equivalent to inverting the direction of illumination), but we may not change the order in any other way without altering transmittance. The sheets themselves may be homogeneous or not. We takp as an example a set of three different homogeneous sheets. Again, we imagine the set to be composed of a pair of sheets and a single one. We consider the pair to be a nonhomogeneous single sheet and write according to Eq. (8) T1, 2, 3= T1, 2T3(14) 1-R 2 , 1R3 substitute for T 1 , 2 the value of Eq. (11)
R2,1= R2+
1-R 2 R 1 t We may prove this also in the following way: in the previous paper (reference 2), page 450, we find for homogeneous layers:
This equation holds also for nonhomogeneous layers, for dK and dS would appear as products with dX only, it is to say small of the second order. Consequently, Tx-o= -(K+S)X, which equation is independent of the direction of illumination. in which T 2 , 3 and R 2 , 3 have to be substituted by the values calculated by Eqs. (8) and (10). We also can write immediately a formula for n nonhomogeneous sheets: (17) In the same way we may write a formula for reflectance: (18) Both equations, of course, may be used for sets of homogeneous sheets too. (Then we do not need to distinguish between R 1 and R 1 )
VI. NONHOMOGENEOUS SPECIMENS WITH BACKING
Paper and paint technologists frequently determine the reflectance of a specimen upon a backing from which the transmitted light is reflected back to the specimen by a surface of reflectance rO.
In Eq. (10) we may consider the second sheet as backing (R 2 =r). So we get immediately an equation representing reflectance Rl(r) of a nonhomogeneous specimen with backing: (19) (In spite of the fact that there is now a single sheet only, we keep the indices 1 and I in order to mark the direction of the illumination.) Solving for T from 
1-Rr
-RrR2 3 4 ---.
Eq. (19) leads to the formula T= [(Rl(,) 
which permits one to calculate the transmittance of a nonhomogeneous specimen from no other measurements than of reflectances. Formulas 19 and 20 correspond with formulas (37) and (37a) derived in the previous paper 2 for a homogeneous specimen. They become identical, if we assume Rr=Rl, as we have to, in the case of homogeneity.
We remember that T is not altered by turning the specimen over upon the backing, and therefore we may write also T= [(RI(r)-RI) 
From Eqs. (20) and (21) we may eliminate T and get a relation between the different kinds of reflectance of a nonhomogeneous specimen: 
Rl(r)-R= RI(r)-Rr
T= [(R1(o)-R,) (1-R 1 )]',(23)
VII. PSEUDOHOMOGENEOUS LAYERS
In the case as (S+K)/S= const, S=S(x), which was treated in Sec. II, not only transmittance, but also reflectance is independent of the direction of illumination, so that R,=R. We may prove it e.g. by Eq. (32) of the previous paper, 2 which we may write as
R=a-(T 2 +a 2 -1).
a is constant, therefore T being always independent of the direction of illumination, R has to be independent too.
From this follows that in Secs. 3-6 we can set RI = R1 in all equations and so use the simpler formulae, valid for homogeneous layers.
There is another case, where we can do so: when a-(S+K)/S is not constant, but symmetrically distributed in the layer, that is to say when
a(x)=a(X-x).
Then there is no difference between the two directions and consequently also R 1 =R,. Stenius' when applying the author's theory on homogeneous layers", 2 used this relation. He was working with somewhat nonhomogeneous paper sheets. In order to make them behave like homogeneous ones, he folded them so that the folded sheets became symmetrical.
EXPERIMENTAL PART An interesting result of our theory is the fact that transmittance of a nonhomogeneous specimen does not depend on the direction of illumination (whereas reflectance and absorption may be altered considerably, if we invert the direction of illumination). This result has been verified experimentally.
The experiments were made (1) with fairly white, (2) with pale blue, and (3) with intense blue paper. The white paper was commercial filter paper, the two blue ones have been prepared by dyeing the same paper with methylene blue.
The measurements were made with the aid of a simple selenium cell photometer and with diffused illumination. The photometer was connected with a Multiflex galvanometer. One division of the graduation of the galvanometer corresponded to approximately 0.03 percent of the full illumination. Absolute exactitude was not considered to be important, because relative exactitude was sufficient for our purpose.
Four series of experiments have been made with different numbers and combinations of the three kinds of paper. In every series the combination concerned has been permutated thoroughly as to the order of the different sheets. Every series has been measured three to six times in order to get fair average values.
The results are compiled in Table I 
